Instrumentation & Control Systems
IC-102-1

Technology Opportunity

Multiresolution Analysis

Multiresolution analysis methods are being devel-
oped at the National Aeronautics and Space Admin-
istration (NASA) Lewis Research Center to solve
various specific problems in dynamics, controls,
and fluid mechanics. Multiresolution analysis is
very effective for unraveling or synthesizing com-
plex data features such as edges, textures, and noise
Features of any particular scale and region in the
data can be separated from the background for
display and extraction. We found that this special
capability of multiresolution techniques is particu-
larly useful in the following fields: structural vibra-
tions, fluid mechanics, turbojet compressor stall/
surge detection and control, and dynamic and con-
trol systems.

Potential Commercial Uses |

* The development of practical multiresolution
analysis techniques may greatly benefit or revo-
lutionize the following fields: spectrography,
acoustics, voice recognition, self-diagnostic con-
trol systems, diagnostic image and signal process-
ing, fluid mechanics research and modeling, smart
engine controls, and others.

Several significant advances have been made with
multiresolution analysis for launch vehicle struc-
tural vibration analysis, high-speed compressor
stall/surge detection, and control for turbojet en-
gines.

* NASA Lewis is collaborating with General Elec-
tric Aircraft Engines (GEAE) in Cincinnati, Ohio,
and Syracuse University to develop multiresolution
analysis methods for GEAE’s low-speed research
facilities.

S.

Benefits B

Lewis-developed multiresolution methods and
algorithms facilitate maximum use of the flexibil-
ity, thoroughness, and sharpness of multiresolution
analysis in many dynamics, control, and diagnostic
data-processing problems of aerospace engineering.

The Technology B

Instead of using pure sinusoidal curves as in Fourier
analysis, multiresolution data analysis can be per-
formed with short wave-forms of varying ampli-
tude, called wavelets. All features in data (e.g., a
recorded voice) can be matched by contracting and/
or stretching a suitably chosen wavelet. Features
also can be matched, as in image processing, by
processing the data to give it a gray-scale morphol-
ogy, so that only features of chosen length scales and
shapes are retained and enhanced, while the rest are
gradually suppressed. The multiresolution analysis
development effort at Lewis is aimed at establishing
a user-friendly link from these fundamental ideas
and formulations to common practices in the fields
of dynamics, control, and data analysis or process-
ing. Many classical analysis methods (e.g., correla-
tion analysis, power spectrum, and linear systems
theory) have been generalized or reformulated for
these new ways of viewing and representing data.

Our multiresolution analysis methodology, algo-
rithm, and special applications have been or will
be published. Partnership with industry to transfer
our software or future real-time processors for
multiresolution analysis to industrial and medical
practices are also feasible.
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